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i.neray  Dispersive  X-Ray  Spectroscopy,  as  well  as  remelting  in 
L.OI4  have  been  used  to  identify  the  black  phase.  It  has  been 
cetenmnec  that  water  and  oxygen  have  leaked  into  the  rneit.ir  o 
atmosphere  and  caused  cation  reduction.  With  improved  furnace 
seals,  rive  clear  melts  have  resulted.  The  inert  atmosphere 
process  which  has  beer,  established  appears  promising,  arid  should 
be  further  developed. 
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1ST  OF  I_L.i_Lj.ST RftTI  ONS 


Vacua  rn  /  ft  t  rn  osshere 
Series  Dri-Lao 

Vacuum/ftt  mosohere 
Dr  1  -  Tra 1  a 

Vacuum/ftt  rnosohere 
Moisture  Analyzer 

V  a  c  u  u  rr  i  /  ft  t  rn  o  s  D  n  e  r  e 
Dr  1  ixoo  i 

Schematic  of  the 
Me  i  t  i nq  ! '•  urnace 

PnotograDh  of  the  Glass 
Me  it inq  F urnac e 

SEM  Micrograph  of  a 
Polished  ZBLftN  Glass 
Surface  Containing  a 
Black  Phase 

SEM  Micrograph  of  a 
Fractured  ZBLftN  Glass 
Surface  Containing  a 
Black  Phase 

X-Ray  Energy  Spectra  for 
ZBLftN  Glass  Rernelt  #15 

Transmission  Curve  for 
ZBLftN  Glass  Rernelt  #15 

Micrograph  of  ftl£Q3 
Crystals,  (a)  Polarized 
Light,  80X ;  (b>  SEM,  4. 3KX. 

Unidentified  Crystal 

(a)  Polar i zed  Light,  4 OX ; 

(b)  SE'.M,  31  OCX 


Polarized  Light  Micrographs 
of  Bubbles  Forming  Stria— 
t i on  i n  Me  i  t  #15,  ( a )  3£X ; 
(b)  BOX 

Micrograph  of  a  Single 
Bubble  Exposed  by  Surface 
Polishing  of  Melt  #15, 

(a)  Polarized  Light,  50X ; 

(b)  SEM  £40 X 


i  .  i  >  .  i\  !  KuUlIL  :  i  UN 

■nr  ore  oar  at  ion  of  nigh  ooticai  duality  bulk  Heavy  lY'etai 
.  i  i.tc>'ii;e  t-j  i  asses  t  HMFGi )  requires  the  neve  lopment  of  a 
eoi.t  re-  i  led  atmosphere  glass  melting  fabrication  facility. 

'hose  a  lasses  must  oe  batched,  melted  and  annealed  m  a  dry, 
oxygen  free  environment.  While  batching  and  annealing  are 
commoniy  done  in  nry-Doxes,  there  are  several  approaches  that 
caii  tie  taken  to  trie  problem  of  melt  inq  these  glasses.  The 
anhydrous  fluorides  can  be  fused  directly  in  a  dry,  inert 
atmosphere,  or  tne  raw  materials  can  be  melted  m  a  react,  ive 
atmosphere  such  as  CC14.  Several  ways  to  establish  an  inert 
at  mosohere  can  de  found  in  the  literature.  hi.  Poulain  et  ai 
nave  me !  ted  fluoride  glasses  in  sealed  nickel  crucibles,  1_l- 
fin  alternate  method  is  to  melt  under  a  nitrogen  or  argon 
flow.  — *  ■  tj  me  latter  method  has  been  used  for  Phase  I  of  this 
arc  iect  for  meiting  zirconium  based  fluoride  glasses.  ft 
snouiri  oe  mentioned  tnat  tne  facility  can  be  easily  converted 
to  tne  reactive  atmosphere  process. 


I oe  atmosonere  control  is  a  critical  problem  in  fluoride 
ni ass  preparation,  as  it  is  essential  to  avoid  oxide  and  OH 
contamination  of  tne  raw  materials  arid  of  the  melt.  These 
impurities  lead  to  undesirable  mid-lR  absorption.  Fluorides 
react  with  water  according  to  tne  reaction: 

Fluorides  +  H^O  Uxyf  luoriaes  +■  HF 

i nese  conpouncs  can  occur  m  the  melt  and  are  not  soluble, 
"lien  concentrations  of  oxyf  1  uor ides  in  the  glass  can  cause 
crystal  1 1  cat  ion,  making  it  impossible  to  obtain  a  glass.-''  In 
addition,  oxide  and  OH  contamination  can  lead  to  the 
formation  of  black  phases  containing  reduced  cations  in  the 
g lass. 

i. 0  PROCEDURE 

Tne  glass  compos  it  ion  which  nas  been  prepared  is  ZBLAN: 

55.  il Z r F 4  —  1 4 .  kBaFo-5.  QLaFv  -  3.  8OIF3-  i£0.  £NaF 

The  1  aw  materials  used  are  high  purity  fluorides,  listed  in 
aule  1.  Fie  Z.-F  ,t  has  been  sublimed  to  remove  oxide,  lead 
anti  carbon  impurities.  The  melts  ranged  from  30  gms  to  140 


1 


tfatcrur.il  has  beer,  clone  in  a  hermet  1  ca  j.  1  v  controlled  q  love  box 
i  <  l  (j  PPM  HoOi  to  prevent  hydrolysis  of  atraosoheric  water. 

The  dry  box  is  a  vacuum/at mosohere  Dt_  Series,  Dri-Lao  (Model 
i  OU i  S  •(-.),  with  two  compartments  as  shown  m  Figure  1. 
iq.ire  c  snows  tne  qas  purification  system  ( i-iFJ-49,?  Dr  i-  r  ra  i  n  > 
in* rj  for  the  dry  -oox,  which  induces  a  molecular  sieve  and  an 
o  k >  pen  cetterer.  The  moisture  level  in  the  box  is  monitored 
t> y  an  P,M  8  hjisture  Analyzer.  The  pressure  in  the  pox  is 
rrmt  rolled  by  tne  PC-- 1  Pedatrot,  which  is  equipped  with  a 
rhot  oh  el  ic,  a  corr.o  l  nat  l  on  pressure  gauge  and  differential 
pressure  switch,  Figure  3.  Finally  tne  dry— box  is  equipped 
with  a  Div  31  Dr l  Kool  for  temperature  control  within  the  box, 
F i g ure  4. 

'!  ne  class  melting  furnace  is  attached  to  and  accessed  through 
the  dry-  box,  Figure  5,  6.  It  includes  a  Wat  low  cerarmc  fiber 
neater.  Both  dry  nitrogen  and  argon  have  been  used  as  tne 
furnace  atmosphere,  the  glass  being  melted  under  a  pas  flow 
of  approx i mat  el y  4  LPM.  Vitreous  carbon  and  platinum 
cruc:  i  n  ies  ( 50cc  and  8'OOec)  have  been  used  together  with 
vitreous  and  platinum  lids.  The  glass  has  been  heated  to 
it'  for  1.3  hours,  to  850*C  for  0.5  nours,  and  red  uced  to 

L5no(  before  pouring.  i  he  molds  used  are  either  the  vi  trc'ous 
carbon  crucible  itself  or  brass  and  copper  slabs.  Finally,  tne 
class  has  been  annealed  starting  at  £90°C  for  greater  than  5 
hours.  this  is  clone  in  a  Thermo lyne  Furnace  (Model  no. 

:  4i.ni,,  wh  i  oh  is  located  witmn  the  dry  -box. 

(.lass  defect  ar  aiysis  has  been  cone  using  tne  IS  I  SS40 
scanning  electron  microscope,  P6T  System  4  energy  dispersive 
ana  ..  y;:er ,  and  tre  (linencan  Optical  Micro  Star  polarized  1  i  qnt 
m  ici-.;, scope.  Ti  e  glass  has  been  tested  for  transmission  using 
a  Per nn-tl mer  983  infrared  spectrometer. 


Ji_  '  5 

•/.  1  Cation  rlea  ft  ion 

1  ne.'  v  i  r  st  twelve  melts  of  ZBLftM  glass  have  resulted  in  two 
■  .ea.  meits  am  ten  others  which  contain  a  black  phase. 

V  -u-  i  ou->  atmospheres,  temoerat  ures  ana  crucible  materials  nave 
been  tested,  tint  the  problem  has  persisted,  see  Table  II. 
ve  l  t  tt .  a  no  #  J  are  clear,  although  their  success  doe-"  not 
i  ‘  ■  i • .  esponri  to  any  of  the  varied  parameters. 


.  ho  'r>Liy!/LD5  analysis  of  trie  black  phase  does  not  show  carbori 
s  oo  fern  (:  i  a  1  corit  am  ;  naf  i  ori  f  now  the  crucible),  see  f  1  pure  7  -‘-3. 

:  ur  t  herriiore,  In.  Robinson  has  demonstrated  that  if  one  of 
these  samples  containing  tie  black  phase  is  rernel  ted  under 
i, for  one  lour,  it  becomes  quite  clear  arid  transparent.  7 
inis  suggests  that  trie  glass  cations  are  being  reduced  during 
che  melting  process.  Trie  oIsck  phase  can  be  successfully 
•>/■>  t  a  i  zee,  rr,r  example  ZrF  (4-x  )  l~ i  x.  ®  These  results  stronp;  y 
lucre;:  t  tnat  the  furnace  seals  have  leaked  air  (Lla,  HjU)  in  a 
o e .  ■  i  o ci  i  c  ma n  n er. 

c  he  use  of  cl  to  4  psi  over  pressure,  arid  improved  usoer 
a no  lower  muf  fie  can  seals,  and  push  rod  seal  t i . e.  the  use 
or  a  vacuum  grease  on  toe  viton  "0— rings",  an  improved  polish 
on  t  ne  push  rod  surface,  arid  properly  sized  "U-rinos"  and 
glands),  trie  me  its  are  clear.  The  black  phase  has  been 
eliminated  from  the  class,  see  Table  III.  Further 
i  riiaro  vement  s  on  trie  push  rod  surface  should  eliminate  trie 
slight  gray  tint  which  has  occurred  in  melt  #13.  With  use, 
the  push  rod  surface  becomes  scratched  causing  a  weakening  of 
the  seal.  !hi s  suggests  that  there  is  contact  between  the 
two  nickel  parts,  or  even  abrasion  from  sublimed  ZrF4- 

3 -  d  o i as s  1 r a n sm i ss l on 

ne  i ft  transmission  curve  for  Me  1 1  #15  is  shown  in  Figure 
ioa,  for  a  sample  thickness  of  .518  cm.  The  infrared 
a  os.  c  rot,  i  on  edge  begins  at  5  rn.  In  addition  there  is  a  CG,* 
aa<;  or  ot  ion  hand  at  4.  ,£  m,  and  a  water  absorption  band  at 
moron  i  mate  1  v  £'.9  rn,  see  figure  10b.  There  is  a  £"4 
aosornt  ton  cut?  to  water'.  Further  analysis  needs  to  be  none 
to  determine  how  much  of  this  absorption  is  due  to  surface 
as  opposed  to  bulk  water.  this  will  be  done  in  Phase  II  with 
boecli'an  FT  I  R. 


3 .  3  i  :j.  a  ss  lie  fects 

ms  a  result  of  too  slow  a  quenching  rate,  cyrstal 1 i zat ion  has 
ccurrea  m  most  of  the  melts.  Cubic  AIF3  crystals,  5  rn  in 
r.  uir,ic:i.  '  have  been  observed  both  with  polarized  light  and 
nt'i  orino,  y  electron  microscopy,  Figure  11.  CDS  analysis,  of 
•  1  v.h<=  c  g  1  a’.-s  sm  faces  containing  crystals  has  resulted  in 
tor-  1  it  j  f  1  cat  1  •*!  1  of  the  crystal.  These  crystals  form 
•  .1 .  .1  p 1  on  »  hi  ■:  niir.  out  the  glass  samoles. 


d  second  uni  dent  i  f  led  crystal  tyoe  has  teer,  common  i  y  ooser  •> 
in  various  me  its.  Figure  1<2  shows  sucn  a  crystal  ooserveil 
me  1 1  ttb.  I  he  crystal  is  about  ,j0  m  in  ciameter,  appears  to 
oe  cienclr  1 1  ic  under  the  polarized  light  microscope,  h")  Dure 
;  ca)  V  ne  St.  'I  analysis  of  these  crystals  first  found  with 
optical  microscopy  appear  to  be  clusters  of  plate  shaped 
crystals. (Figure  lab)  The  individual  crystal  is  too  small 
for  LD£>  analysis. 

lien  at  ion  can  oe  caused  by  bubb  l  es.  Figures  13  and  14  show 
tnis.  bubbles  are  commonly  found  on  the  interface  between 
trie  u  i  ass  and  tie  vitreous  carbon  crucible.  Their  source  i 
u  v'i'iown.  It  is  iik?ly  that  agitation  of  the  crucible  Dim 
pour i nq  may  cause  these  bubbles  to  move  into  the  melt. 


i  .m\m  . hi  .  JNS_  r.F\U  R L C U IP ! ri E N DP  11  OKU 

1  t  has  beer,  shown  that  with  care  the  furnace,  wmen  has  bee 
.  lined  and  built  for  Phase  1,  can  be  successfully  used  to 
me ; t  HmFb  in  a  dry,  inert  atmosphere.  With  slioht 
it'Oi;  i  r  i  cat  ions  •  o  the  furnace,  clear  f  luor  ice  glasses  can  oe 
?.  up  cfis  fully  melted  at  SoecTran  on  a  routine  basis.  n 
a.-.c  i  t  i  on,  greater-  care  should  be  taken  during  pour  l  ng  and 
uenc  nines  to  eliminate  defects  such  as  bubbles  and  n-ystais 

.■  !  i.-  uro'.e  Glass  Duality: 

- .  t  fii...-:.  or  lu  p  For,  1. 1  . 

.mm  o  ve  r-ur..firod  seal  and  automate. 

sr  itre  reci  u  I  a  t  or. 

.  ./per,  mor.  i  tor  and  getter  for-  melt  furriace  and  dry  box . 

"  .i,  i  t  r  /  furnace  to  a  I  low  use  of  RF  P . 


lcrograph  of  A  1 V 3  Crystals, 
rized  Light,  80X;  (b)  SEM,  4.3KX 
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FIGURE  8 

SEM  micrograph  of  a  fractured  ZBLAN  glass 
surface  containing  black  part irulates . 
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CONFIGURATION 


FIGURE  1 

Vacuum/Atmosphere  DL  Series  Dri-Lab 


ZBLAN  Glass  Melts  done  with  the  Improved  Furnace  Seals. 
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Black  Particulates 
in  Gray  Glass 

Vitreous 
Carbon  V-25 

Argon 

850 

,(30  min.  soak) 

Clear  Glass,  Crystals 
formed  during  annealing 

Vitreous 
Caroon  V-25 

Argon 

850 

(30  min.  soak) 

Black  Particulates 
in  Gray  Glass 

Vitreous 
Carbon  V-25* 

UHP  N2 

850 

(30  min.  soak) 

Black  Particulates 
in  Gray  Glass 

UHP  N2 


Vitreous 
Carbon  7-25 


850 

(30  nan.  soak) 


Gray  Glass,  with 
Crystals  and  Black 
Particulates 


TABLE  I 


F 1 uor i de 

Purity 

Source 

Z  t  I-'  4 

( sub  1 1 med )  * 

99 . 5% 

Sassoon  Metals 
Chemica 1  ,  Inc 

BaF2 

99.9% 

Sassoon  Metals 
Chemica  1  ,  Inc 

LaF  3 

99.9% 

E.  M.  Chemical 

A1  F3 

99.9% 

E.  M.  Chemical 

NaF 

99 . 9% 

Alfa  Products 

*  Prepared  at  RPI  (Moynihan)  and  HAFB  RADC  (Suscavage)  by  heating 
to  800°C  and  recondensing  at  550°C. 
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New 


rtarcel  Pouiairi,  m.  Diatnanasmh  and  J.  Lucas, 
f-iuonie  bJasses",  rlat.  Res.  Bull.,  Vol.  l£,  pp. 
l  Si  -15G,  i97  7. 

m.  Matecki,  micnaei  Poulain,  l»iarcel  Pol',  lain,  J.  Lucas, 
"New  Zircomurn  l'etraf luoncs  Glasses",  Mat.  Res.  Bull., 
Vol.  13,  □■>.  1 039™  1  046,  197ft. 

u.  maze.  "Larue  Scale  Preparation  of  Heavey  Metal 
FJuorjcJf?  Glasses",  Second  International  Symposium  on 
Hal l ae  Glasses,  Rensselaer  Polytechnic  Institute,  Troy, 
NY,  Hu  oust  £  - 5 ,  1983. 

M.  u.  Drexnaae,  K>  P>  Quinlan,  "Fluoride  Glasses  for 
Visible  to  Mi  a  -  1R  Guided-Wave  Optics",  po.  57-73  n 

Go  varices  _  i.  n  ceramics  Vol _ i  1.5_  Physics  of,  Fiber  Opt  i  es , 

B„  Eiendow  and  S.  Mitra  eds.  (American  Ceramic  Society, 
l  o  i  u rr> b us,  OH  1  9ft  i  )  . 

c>.  w.  France,  S.  F.  Carter,  J.  R.  Williams,  K.  J. 

Beales.  "OH  Absorption  m  Fluoride  Glass  Infra-Red 
Fibers"  Electronics  Letters,  Vol.  £0,  No.  14,  1984. 

V.  Gasutake,  3.  Hitachi,  B.  Takahashi ,  "Fabrication  of 
Fluorine  Glass  Single-Mode  Fibers",  Journal  of  Lightwave 
Technology,  Vol.  L.T-£,  No.  5,  1984;  "Influence  of 

humidity  During  tne  F i ber  Preparation  Process  on 
'  vansrnission  Loss  For  ZrF^-Based  Optical  Fibers",  Mat. 
Res.  bull.,  Vol.  19,  1984. 

it.  Robinson,  Private  Correspondence,  Hughs  Research 
Laboratories,  Malibu,  CA;  October  5,  19B4. 

M.  Robinson,  R.  C.  Pastor,  R.  R.  Turk,  D.  P.  Devor,  M. 
Braunsteiru  "Infra-Red  Transoarent  Glasses  Derived  from 
Mat m urn  cluoricie",  SPIE  Vol.  £66  Infra-Red  Fibers 
'.v.  ft-  13 urn)  .  1981. 


O  PERSONNEL. 

I  he  fol  lowino  perBonnei  have  coritri  bated  their'  efforts  to  f*e 
cornmet  ion  of  Phase  I. 

Ruth  .Bern,  Junior  Research  Engineer,  is  resoonsi Die  for  the 
riuonoe  glass  melting,  and  the  fluoride  a'lass  laboratory,  in 
general . 

She  served  previously  at  Galileo  Electro-Ootics  Coroorat mo 
as  a  Research  Engineer,  until  August  1984.  nt  that  time,  she 
was  involved  in  developing  IR  fiber  ootics,  using 
ctialcogeriiae  glasses.  Her  contribution  included  the  analysis 
of  oevi t r i f 1  cat  1  on  and  other  defects  resulting  from  the  finer 
Draw  process,  as  well  as  fiber  strength  analysis,  anc 
refractive  index  profiling. 

behove  going  to  Galileo,  she  studied  at  Rutcers.  where  she 
received  her  it.  S.  in  Ceramic  Engineering  and  Science,  in 
r'JBE'.  1  here  she  was  concerned  with  cevelopinu  a  theory  to 
describe  the  surface  structure  of  pure  B i Or  glass.  the  aiso 
r,  a  a  Done  mass  research  on  phosphate  glasses,  which  induced 
t  n  e  f o 1 lowino  p  u  b 1 i c at i on : 

R.  Beni,  W.  R.  OFT,  "Effect  of  pH  on  the  Durability  of 
I..  i  thuiiii-  1  inc  Phosphate  Glasses" 

Glass  Technology,  Vol  £2,  No  4,  1981. 

br i an . Caprera,  Senior  R&D  Technician,  is  current J y  involved 
in  the  Hermetic  Coating  Project.  His  responsi Di 1  it les 
include;  assisting  in  the  construction,  development,  and 
operation  of  tne  diamond  like  carbon  coating  tower  and 
re  L a  t  ed  eu u l pment . 

ms  experience  has  included  the  design  of  high  purity  gas 
••.'/stems,  niDh  temperature  furnaces  m  vacuum  and  pressure 
environments.  in  addition,  he  has  done  work  in  capillary 
process  development,  and  fiber  drawing. 

Before  coming  to  BaecTran,  he  served  in  the  Navy  gathering 
intelligence.  lie  operated  both  acoustic  and  nonacoustic 
intelligence  gathering  ea u l pment  aboard  a  patrol  aircraft, 
•operating  such  eauioment  as  Magnetic  ttn oma.y  Defection 
Bystems,  Sonar,  Radar,  Electronics  Counter  Measures  eu u j  omen t 
ana  TCP  Franspona i nq  ec moment.  He  assisted  in  the 
development  of  prototype  Electronic  Counter  Measure 
eau i pment . 


■  .■v  1 ,-w  ■■  .■  J>l  '.r  T.  'l.’J 
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thi-nat  q  l.  kick,  nnalytical  Eng  ineer  for  Research  and 
Development,  is  responsible  for  materials  analysis  for 
several  ongoing  projects.  He  has  established  and  manages  an 
analytical  laboratory  with  SEM/GDS,  SC  arid  FTI  R  caoaoi  1  1 1  tea. 

he  nas  held  the  position  of  Senior  Optical  Engineer  at 
SoecTran  and  was  responsible  for  tne  design,  construction  and 
programming  of  the  duality  control  facility  for  the  test  1  n  g 
of  optical  fiber  cnaracter ist ics  including  numerical 
aperture,  attenuation  ana  bandwidth. 

fir.  Kirk  nas  also  ne  Id  tne  position  of  Senior  Optical 
Physicist  at  Galileo  Electro-Optics  Corporation,  where  ne  was 
responsible  for  developing  ana  refining  optical  fiber 
measurement  teehniaues.  He  also  developed  an  index 
dispersion  measurement  capability  which  generated  data  on 
fluorine  glasses.  Also  while  at  Galileo,  Mr.  Kirk 
established  and  supervised  an  SGM/EDS  facility.  He  was 
responsible  for  compositional  analysis,  fiber 
cnaracter 1 cat ion  and  optical  properties, 

ifr.  Kirk  is  a  co-author  of  a  paper  on  fluoride  glass  entitled 
"Material  Dispersion  of  F 1 uoroz lrconate -Type  Glasses",  Anol. 
Opt..  Vox.  £0,  No.  El,  n.  3688. 

fir.  Kirk  has  a  Bachelors  of  Science  Degree  in  Physics  from 
Worcester  Polytechnic  institute.  he  is  a  member  of  the 
Optical  Society  of  America  and  of  Sigma  Pi  Sigma. 

i'  orman  _Pev*az_zp,  Senior  Materials  Technician,  is  currently  a 
consultant  at  SoecTrari.  He  is  presently  completing  a  M.  C. 
program  m  Materials  Engineering  at  Rennselaer  Polytechnic 
institute.  A  resident  of  Schenectady  NY,  he  earned  an 
Associates  Degree  in  Engineering  Science  from  Broome 
community  College  after  a  four  year  enlistment  in  the  Li.  S. 
Navy.  following  completion  of  a  B. S.  degree  at  R. P. I.,  he 
oen an  nis  thesis  work  on  the  electrical  conductivity  in  HMFG 
under  L).  6.  Ploynihan,  in  May  1983.  His  work  since  then  has 
included  installation  of  an  enclosed  atmosphere  system,  and 
l mo 1 e ment at l on  of  fluorice  class  production. 


•  i 


..V"  I.  i'j 


or  i.  .  L»c.T.ut.?,  Vice  ’Vesioent  of  Research  ana  Deveiopmerit , 

Mil;  oe  khe  °ririt:ioal  Investigator.  He  have  been  actively 
iiv/uivM  in  r  i  her  oot  ics  materials  ar.d  process  research  since 
■  job  ana  is  com  vent  or  of  the  basic  patents  on  doping  fused 


a i  ;  ic  a  fibers  and  vapor  deposition  processes, 
t  ~.e  one  ma:  research  team  that  fabricated  the 
.  •■■vi  .ops  optical  1 1  Per  in  19  7<->. 


he  was  part  of 
world’ s  first 


dr i or  to  coining  the  SopeTran  Corporation,  Dr.  Schultz  was 
.ra.  agei  of  Watena.s  Research  at  Corning  Glass  Works, 

Corn  inn,  New  York.  in  this  capacity,  lie  led  a  group  of  CO 
tecnn:rai  personnel  ana  was  responsible  for  all  u lass 
research  activities  in  tne  company,  including  new  optical 
iv  a  v  e  :  u  l  e  mate  r  l  a  1  s . 


Dur  ma  n  i  s  17  years  at  Corning,  Dr.  Schultz’s  personal 
,  occurch  ii'ivolvGC  consi  oerable  exoioration  of  doped  fused 
•.  lasses  for  numerous  a  dpi  icat  ions  including  optical  wave 
ijiuw  optics,  sem  i  conn  act  or  processing,  and  space 
in  -  me  conducted  a  detailed  study  of  the  effect  of 

■  .  -  ,.:it  ion  elements  on  optical  t ransrn i ss i ors  of  fused  silica 


: 

d  fa 

c:  o  rn  d  v-  e  n  evasive 

invest i cat  ion  of 

the  effect 

of 

.  *• 

y  :„ra 

fiDe»“  corn pos it 

l  o  n  o  n  v'  a  d  i  a  t  i  o  n 

response. 

The 

r  u.m- 

■  .  t  UCi  V 

was  i n  cooperation  with  NRL  per 

sonne 1  and 

,  1  r  c 

’.1  c  h 

copari t  s  as  G e , 

P,  P,  Ta,  Ai,  Sh 

,  and  —OH. 

He 

a  id  li  shea  over  18  research  papers,  arid  holds  £4  US 


Hoots,  ot  lnciuaiiy  in  the  field  of  optical  waveguide 
mu*  ■  i,.ts  a  rip.  f  aur  i  cat  i  on. 

-or  tin  act  i  i  lavement  s,  Dr.  Schultz  was  awarded  the  first  Wey  J 
'  it*.  ery..n  iona  l  Glass  Science  Award  (1977),  the  SPIE  Technology 
-  <  uie  v  c-ment  Award  (198i),  an  I R . 10O  Invention  of  the  Year 

•  .w  |  .96. i.  .-.i  meerihii  Materials  Achievement  Award  of  the 

•  •  it  <«,  .I'Xieiv  Tor  petals  (1983).  He  is  a  Fellow  of  the 
i  iti.pl  ip  j  ■  •  per  am  *.  c  Hoc  let  v. 

Let  ore  i i  r,  i  r,  c  form  no  m  1967,  he  received  his  BS  (1964)  and 
’  -  ij  li96//  from  Rutgers  University  in  Ceramic  Science. 
o<  up  *  eh  Duplications  and  patents  follow: 


.  L.  bchuitz,  "Magnetic'  and  Semiconducting 
lass -Ceramics  in  tne  PoO-FegO^-S l Og  System".  Pub.  in 
'  ■  t  t  pprj  j  tn  of  the  Internat  lonal  Commission  on  Glass 
i  • , .  ’  a!  i*;  ’  i. .  ,  Seat.  1967.  Toronto,  Canada. 


D.  L<.  Keck,  A.  D.  Maurer,  P.  C.  Schultz,  "On  the 
ultimate  Lower  Limit  of  Attenuation  of  Glass  Optical 
Uavecuides",  fton'l.  Phys.  Lett.  ,  BE,  7,  po.  307-309, 
April,  1973. 

P.  C.  Schultz,  "Optical  Absorption  of  the  Transition 
lueriients  in  Vitreous  Silica".  J.  Am.  Ceram.  Soc.  ,  57, 

/,  pp.  309-313,  July,  1974. 

l-u  L.  Schultz.  "Binary  Titanium  Silicate  Glasses 
Cental  rung  lo  to  30  Wf/.  Ti0£" ,  J.  Am.  Ceram.  Soc.  59, 
G-'G,  pp.  L 1 4  -  il'j.  Hay- June,  1976. 

P.  C.  Schultz,  "Ultraviolet  Absorption  of  Titanium  and 
Germanium  m  fused  Silica".  ilth  International  Lon press 
on  Glass,  Praaue,  July,  1977,  Vol.  Ill,  dp.  155-10. A. 

i...  Scnultz.  "Vapor  Phase  Materials  and  Processes  for 

Glass  Optical.  Waveguides",  in  Recent _ Advances _in__Fiber 

■jpiica,  eo.  Ifenaow  and  Mitra,  (Plenum  Press)  1979. 

P.  C.  Schultz,  E.  J.  Friebeie,  M.  E.  Gingerich  and  L. .  If. 
iiayoen,  "Effect  of  B,  P,  and  OH  on  the  Radiation 
Response  of  Ge  Doped  Silica  Core  Fiber  Optical 
Waveouioesi".  Optical  Fiber  Communicat  io.  ■  Meeting,  March 
C-8,  1979,  Washington,  D.  C. 

P.  C.  Schultz.  "Progress  in  Optical  Waveguide  Process 
and  Materials",  Applied  Optics,  Volume  18,  Number  cl, 
rv  o  v  ember  i ,  1979. 

P.  C.  Schultz,  "Fabrication  of  Optical  Waveguides  by  the 
Outside  Vapor  Deposition  Process",  Proceed inos  of  the 
1 lEe,  Vol.  L8,  Nc.  10,  October  1980. 

A.  Lchuit:,  "Vapor  Deposition  Process  Capabilities 

for  Optical  Waveguide  Fa  or  i  cat  ion"  in  Psvsics  of  F  i_ber _ 

pot  ics  •;  Advances  in  Ceramics  V.  ■£.  Hrnencan  Ceramic 
Society  1981. 

P.  C.  Schultz,  "Research  Advances  in  Optical  Fiber 
Materials",  Mat  h~ Nat  urv l  ss.  R.  38,  4£/3,  Bl'p-E'BG,  1983. 


un  1 1  eg..  St  ate s  Pa t  ent  a 

.  3, 630, 91 i ;  Dec.  £8,  1971 ,  Lead  Ferrite  Glass-Ceramic 

Articles  and  Method  of  Making  Articles.  P.  C.  Schujtz 
Lorrinq  Glass  Works. 

.  3, 653, 915;  May  £,  197£,  Fused  Silica  Optical  Waveguides 

R.  D.  Maurer,  P.  C.  Schultz,  Comma  Glass  Works. 

.  3,  71  1 ,  £:6£;  Jan.  i  G,  1973,  Method  of  Producing  Optical 

waveguide  Ciders.  D.  B.  Keck,  P.  C.  Schultz,  Comma 
Glass  Works. 

.  3, 737, £9£;  June  5,  1973,  Method  of  Forming  Ooticai 

waveguide  Fibers.  :j.  B.  Keck,  P.  C.  Schultz,  Corning 
Glass  Works. 

3,  806,  ££3;  April  £3,  1974,  Planar  Cot icaJ  Waveguide.  D 

D.  Keck,  P.  G.  Schultz,  Corning  Glass  Works. 

.  3,  GlG,  560;  July  30,  1974,  Met  nod  of  Tormina  a  Lir:nr, 

Focusing  Fiber  Waveouide.  P.  C.  Schultz,  Con  ma  Glass 
Works. 

3,884,550;  May  SO,  1 975,  Germania  Containing  Dot i raj 
Waveouide.  R.  D.  Maurer,  P.  C.  Schultz,  Corning  81. as* a 

works. 

4,  £30,  47£;  February  £'£,  1979,  Method  of  Forming  A 

Substantially'  Continuous  Optical  Waveguide.  P.  C. 
Schultz,  Corning  Glass  Works. 
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MISSION 

of 

Rome  Air  Development  Center 

RAOC  plans  and  executes  research,  development,  test  and 
s elected  acquisition  programs  in  support  of  Command,  Control 
Communications  and  Intelligence  (C5I)  activities.  Technical 
and  engineering  4 upport  alithin  areas  of  technical  competence 
is  provided  to  ESO  Program  Offices  (P04 )  and  other  ESD 
zlzmznt 4.  The  principal  technical  mission  areas  are 
communications ,  electro magnetic  guidance  and  control,  sur¬ 
veillance  03  ground  and  aerospace  objects,  intelligence  data 
collection  and  handling,  information  system  technology , 
solid  state  sciences,  electromagnetics  and  electronic 
reliability ,  maintainability  and  compatibility. 
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